WORLD INTOLLECTUAL PROPERTY ORGA>aZATION 
International Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
G09G 3732 



Al 



(11) International Publication Numbn*: 
(43) International Publication Date: 



WO 00/43981 

27 July 2000 (27.07.00) 



(21) International Application Number: PCT/EP99/10404 

(22) International Filing Date: 24 December 1999 (24.12.99) 



(30) Priority Data: 
99200181.8 



21 January 1999 (21.01.99) 



EP 



(71) Applicant: KONINKLUKE PHILIPS ELECTRONICS N.V. 

[NL/NL]; Groenewoudseweg I, NL-5621 BA Eindhoven 
(NL). 

(72) Inventors: VAN VELZEN, Jeroen; Prof. HolsUaan 6, 

NL-S6S6 AA Eindhoven (NL). Lim)ENBAUM, Coen, T., 
H., P.; Prof. Holstlaan 6, NL-56S6 AA Eindhoven (NL). 

(74) Agent: RAAP, Adriaan, Y.; Intemationaal Octrooibureau B.V., 
Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). 



(81) Designated States: CN, JP, European patent (AT, BE, CH, CY, 
DE. DK, ES. Fl, PR, GB. GR. EE, IT. LU. MC, NL, PT, 
SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: ORGANIC ELECTROLUMINESCENT DISPLAY DEVICE 
(57) Abstract 

Electroluminescent display device comprising drive cir- 
cuitry (a number of alternatives is given) to determine the sur- 
face area of a pixel (via capacitance, reverse current) and adjust g «. 
the current density in the pixel accordingly. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States paity to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spabi 


LS 


Lesotho 


SI 


Slovenia 


AM 


Aimenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovalda 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kfaigdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tiyikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


'Hiikmenistan 


BF 


BuifcinaFaso 


GR 


Greece 




Rqmblic of Macedonia 


TR 


Twkty 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


lYinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ulcrame 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central Afriom Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


zw 


Znnbabwe 


a 


Ceced'Ivoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


roiana 






CN 


China 


KR 


R^uiblic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakslan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Geimany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Demnaik 


LK 


Sri Lanka 


SE 


Sweden 






BB 


Hgtonia 


LR 


Liberia 


SG 


Sfaigapore 







wo 00/43981 • 

Organic electroluminescent display device. 



PCT/EP99/10404 



The invention relates to an electroluminescent display device comprising a 
layer of electroluminescent material with an active layer of an organic material, which layer is 
present between a first and a second pattern of electrodes, which patterns define pixels having 
a different surface area, at least one of the two patterns being transparent to light to be emitted 
5 through the active layer, and a first pattern comprising a material which is suitable for 

injecting charge carriers by means of a bias current for emitting, the display device comprising 
drive means for adjusting the bias current of a pixel. 

Electroluminescent (EL) display devices may be used in, for example, displays 
10 and indicator lamps. An increasing number of organic materials such as, for example, 

semiconducting organic polymers is used for the active layer in such structures. This increases 
the number of possible materials for use in these types of display devices. The active layer and 
the two electrode layers (the electroluminescent display device) preferably comprise a 
plurality of LEDs, for example, in the form of light-emitting surfaces arranged as segments or 
15 matrices, as intended for a display device described in, for example, WO 96/36959 (PHN 
15.320), or combinations thereof. 

The operation is based on the recombinations of electron hole pairs which are 
injected into the semiconductor material (during use in the forward direction) from electrodes 
situated on both sides of the active layer. Due to these recombinations, energy is released in 
20 the form of (visible) light, a phenomenon referred to as electroluminescence. The wavelength 
and hence the color of the emitted light is also determined by the bandgap of the 
(semiconductor) material. 

Notably when using these types of display devices with pixels having a 
25 different area, problems arise in realizing the desired brightness at a given signal. The input 
signal is generally used for controlling a current source which generates a current through the 
LED (the pixel). The brightness (luminance) of such a pixel is, however, dependent on the 
density of the current through such a pixel. When using the same current through LEDs with a 
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different surface area, a difference in surface area leads to a difference in the current density 
and hence to a difference in luminance. 



It is, inter alia, an object of the present invention to obviate one or more of the 
5 above-mentioned drawbacks. 

To this end, a luminescent display device according to the invention is 
characterized in that the drive means comprise means for varying the current density of the 
bias current in dependence upon a surface area of a pixel. 

The invention is based on the recognition that different electrical parameters 
10 (capacitance, current density) are dependent on the surface area of a pixel and may therefore 
be used as feedback parameters for adjusting the correct bias current. • 

A preferred embodiment of a luminescent display device according to the 
invention is therefore characterized in that the drive means comprise means for defining the 
capacitance of a pixel. 

IS This may be realized in a simple manner by means of a (small-signal) 

alternating current. A first embodiment is therefore characterized in that the means for 
defining the capacitance of a pixel comprise means for adding a (small-signal) alternating 
current to the bias current of the pixel and for measuring the associated (small-signal) 
alternating voltage. 

20 In addition, the capacitance of a pixel may be defined by means of, for example, 

a sampie-and-hold method, in which a pixel (segment) is supplied with a fixed measuring 
current and the voltage caused by the measuring current across the pixel is fixed. The 
measuring current is preferably supplied within a measuring period in which the voltage across 
the pixel remains limited to a value below the threshold value of the pixel. 

25 The means for defining the capacitance of a pixel may alternatively comprise 

means for applying a voltage pulse across a pixel and for defining the decay time of the 
current through the pixel The measured decay time is then compared, for example, with the 
decay time of a reference circuit. 

Another possibility of defining the capacitance of a pixel makes use of the 

30 resonance frequency of a circuit of which the pixel forms part. 

Another embodiment of a luminescent display device according to the invention 
makes use of current measurement. This embodiment is characterized in that the 
electroluminescent display device comprises at least two pixels having a different surface area, 
and drive unit means for applying a voltage in the reverse direction across the pixels, and 
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means for defining the reverse current. This embodiment is notably, but not exclusively, 
suitable for a luminescent display device driven in a multiplex mode. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig, 1 is a diagrammatic cross-section of a part of a display device to which the 
invention is applicable, 

Fig. 2 shows diagrammatically a pixel and a part of the associated measuring 

circuit, 

Fig. 3 shows the current/voltage characteristic of a LED, 
Fig. 4 shows diagrammatically a pixel with a part of another measuring circuit. 
Fig. 5 shows the current-time behavior in the circuit of Fig. 4 for pixels having 
a different surface area. 

Fig. 6 shows diagrammatically a pixel with a part of another measuring circuit, 

while 

Fig. 7 shows the switching patterns and some voltages associated with the 
circuit of Fig. 6, and 

Fig. 8 shows diagrammatically a pixel with a part of another measuring circuit. 

The Figures are diagrammatic and not drawn to scale. Corresponding elements 
are generally denoted by the same reference numerals. 

Fig. 1 shows a display device 1 with an active layer 5 between two patterns of 
electrode layers 2, 3 of electrically conducting materials. In this example, the electrodes 2 with 
the electrodes 3 and the interpositioned active material define light-emitting diodes (LEDs) 4, 
also referred to as pixels. At least one of the electrode patterns is transparent to the emitted 
light in the active layer. During operation, the electrodes 2 are driven in such a way that they 
have a sufficiently positive voltage with respect to the electrodes 3 for the injection of holes 
into the active layer. The material of these electrodes 2 has a high work function and is usually 
constituted by a layer of indium oxide or indium-tin oxide (ITO). Particularly ITO is suitable 
due to its satisfactory electric conductivity and high transparency. The electrodes 3 serve as 
negative electrodes (with respect to the electrodes 2) for the injection of electrons into the 
active layer. In this example, the material for this layer is aluminum. 
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pixels 4 are driven in this example by means of diagrammatically shown current sources 5 
which are integrated in the drive unit 6. At an equal luminance of, for example, the pixels 4* 
and 4^ and without special measures, the current sources 5^, 5^ will supply the same current. 

5 Since pixel 4* has a larger surface area than pixel 4*^, the density of the current through pixel 4^ 
will be smaller than the density of the current through pixel 4^. To preclude adjustment of the 
drive unit 6 for each and every different combination of pixels, it is provided, in accordance 
with the invention, with means for defining the surface area of the pixels to be driven, so that, 
during operation, a current density can be adapted to the surface area of a pixel to be driven. 

10 In a first variant, the current supplied by the driver implemented as current 

source 5 is modulated around the adjusting point by means of an AC source 7. The AC current 
has such a low amplitude i that the adjusting point of the current/voltage characteristic 
associated with the LED 4 does not change or hardly changes so that the differential resistance 
rd does not change. Simultaneously, the associated small-signal AC voltage u is measured in 

15 the drive unit 6. For the current i it holds that 



Here, is the differential resistance at, for example, the point 10 (Fig. 3) of the 
20 current/voltage characteristic of the LED 4. For high frequencies (a3»Crd) it holds that / = 
uJcoC or u. = -;£/a)C. 



amplitude u of the AC voltage generated thereby can be measured, for example, with a high- 
ohmic volt meter 9 which is integrated in the drive unit 6. For the measured voltage, it now 
25 holds that this is inversely proportional to the capacitance of the LED 4 (diagranmiatically 
shown in Fig. 2 by means of the capacitor 8). (u = -;Va>C). The desired current density is then 
adjusted in the drive unit 6 with reference to the measured voltage. 



which the LED 4 and the associated capacitor 8 are incorporated. Via a switch 1 1, a resistor 12 
30 is incorporated in the cuirent path and the delay time (RC time) is measured. The delay time is 
determined, for example, by comparing the current through a pixel with that of a comparison 




By modulating the current source 5 with a small-signal AC current i, the 



In the embodiment of Fig. 4, the delay time is measured of an RC network in 
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circuit comprising a resistor 12' having the same resistance as the resistor 12, and a reference 
capacitor 14. The pixel and the comparison circuit are, for example, driven simultaneously 
with an identical voltage pulse (generated via a voltage source 17), while the current source 5 
is switched off. For example, the instant ti can then be determined, at which instant the current 
through the LED 4 (curve 15 in Fig. 5) is identical to the current through the reference 
capacitor 14 (curve 16 in Fig. 5). These currents may be measured, for example, via the 
voltage across the resistors 15 by means of high-ohmic volt meters (not shown) in the drive 
unit 6. 

Figs. 6 and 7 show how a difference in capacitance and hence surface area can 
be defined with a sample-and-hold circuit which is added to the current source 5. In this 
example, this circuit comprises four switches 19(si,S2,S3,S4), an operational amplifier 18 and an 
auxiliary current source 20 and a capacitor 21 (see Fig. 6). The pixel, represented by the LED 
4 and the capacitor 8, can be connected to the current source 5 via the switch S4 and is 
connected at the othar end to the non-inverting input of the operational amplifier 18, which 
input can be connected to ground or to the auxiliary current source 20, dependent on the 
position of the switches si, sa. The inverting input of the operational amplifier 18 is connected 
to a positive voltage. Its output can be connected to the capacitor 21 via the switch S3. The 
voltage across this capacitor (Ush) defines the current through the current source 5 (I = k.Ush). 
Possible non-linearities of the capacitance may be processed in k as a function of the voltage. 
This notably applies to smaller capacitances. 

Fig. 7 shows the behavior as a function of time (the position of the switches, as 
well as the voltages Ush and Upix, the voltage across the pixel). At the instant t = to, switch S| is 
closed and switch S4 is opened. The pixel 4 is, as it were, short-circuited thereby (reset) and 
Upix becomes 0 volt. At the instant t = ti, switch si is opened while the switches S2, S3 are 
closed. Due to a constant (measuring) current supplied by the auxiliary current source 20, the 

voltage across the pixel (segment) increases linearly in accordance with d}/ = i^^^ . The 

measuring time (the period ti-tj) is chosen to be sufficiently small to cause the LED 4 not to 
convey current (Up« remains below the threshold voltage). Via the operational amplifier, a 
voltage Ush is obtained at the capacitor 21, which voltage is higher when t = t2, as Upix is 
higher (hence C is smaller). At the instant t2, the switches S2. S3 are opened again. The voltage 
Ush across the capacitor 21 is thereby fixed. Simultaneously, the switch S4 is closed. The 
voltage Ush directly influences the current of the current source 5 and hence the density of the 
current through the LED 4. 
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The device of Fig. 8 makes use of a current source 5 whose operating frequency 
may be varied. A coil 22 with an inductance L is arranged in the drive unit 6 between the 
current source 5 and the LED 4. To define the capacitance (and hence the surface area) of the 
pixel, the operating frequency is varied until resonance occurs. The value of C is derived again 
from the resonance frequency O) = lW(LC), of course after correction of capacitances in the 
measuring circuit. 

Another value which is dependent on the surface area of the LED is the reverse 
current or Ircv To be able to measure this value, at least two LEDs should be driven by the 
same current source. In contrast to the previous embodiments, which are based on the use of 
one current source per LED, this embodiment is suitable for multiplex applications. 

To this end, the electroluminescent elements are driven in this embodiment by 
the same current source by means of multiplexing. In this mode, a zero voltage is applied 
between the electrodes 2 and 3 of one of the LEDs associated with the current source, while a 
reverse voltage -Vb is appbed across the other LEDs and the current thus generated is 
measured. The measured current value is, for example, digitized in the drive unit 6. The values 
found are subsequently used for computing the densities of the currents to be adjusted, which 
currents must flow through each electroluminescent element (the LEDs) to obtain a uniform 
luminance. In the case of 1:4 multiplexing, it holds for the four current measurements (Ii of 
the first measurement, I2 of the second measurement, etc.) for the measured reverse current 

Irev* 

Il = Ircv2 +Irev3 + Irev4 
l2= Irevl + Irev3 + Irev4 
13= Irevl +Irev2 + Irey4 
I4 = Irevl + Irev2 + Ircv3 

or: 

Irevl =1/3(I,+I3+I4-2I2) 
Irev2 =l/3(Ii+l2 + l4-2l3) 
Irev3 =1/3 (I2 + I3+I4-2IO 
Irevl =l/3(Ii+l2+l3-2l4) 

In the drive unit 6, the adaptation thus found is measured either during 
operation and, if necessary, corrected, or is realized in advance with the aid of a look-up table. 
The measurement preferably takes place by using a current source 4 (multiplexing), but is 
alternatively possible via separate current sources 4. 
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1 . 

In summary, the invention provides a plurality of circuits for an 
electroluminescent display device so as to define the surface area of a pixel (capacitively or 
via current measurement) and to adapt the density of the current through the pixel on the basis 
of the measuring result. 

5 The invention relates to each and every novel characteristic feature and each 

and every combination of characteristic features. 
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1 . An electroluminescent display device comprising a layer of electroluminescent 

material with an active layer of an organic material, which layer is present between a first and 
a second pattern of electrodes, which patterns define pixels having a different surface area, at 
least one of the two patterns being transparent to light to be emitted through the active layer, 
5 and a first pattern comprising a material which is suitable for injecting charge carriers by 
means of a bias current for emitting, the display device comprising drive means for adjusting 
the bias current of a pixel, characterized in that the drive means comprise means for varying 
the current density of the bias current in dependence upon a surface area of a pixel. 

10 2. An electroluminescent display device as claimed in claim 1, characterized in 

that the drive means comprise means for defining the capacitance of a pixel. 

3. An electroluminescent display device as claimed in claim 2, characterized in 
that the means for defining the capacitance of a pixel comprise means for adding an alternating 

15 current to the bias current of the pixel and for measuring the associated AC voltage. 

4. An electroluminescent display device as claimed in claim 2, characterized in 
that the means for defining the capacitance of a pixel comprise means for supplying a pixel 
with a fixed measuring current, and means for fixing the voltage caused by the measuring 

20 current across the pixel. 

5. An electroluminescent display device as claimed in claim 4, characterized in 
that the means for supplying a pixel with a fixed measuring current limit the voltage across the 
pixel within a measuring period to a value below the threshold voltage of the pixel. 



6. An electroluminescent display device as claimed in claim 2, characterized in 

that the means for defining the capacitance of a pixel comprise means for applying a voltage 
pulse across a pixel and for defining the decay time of the current through the pixel. 
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7. An electroluminescent display device as claimed in claim 6, characterized in 
that the decay time is compared with the decay time of a reference circuit. 

8. An electroluminescent display device as claimed in claim 2, characterized in 
5 that the means for defining the capacitance of a pixel comprise means for defining the 

resonance frequency of a circuit of which the pixel forms part. 

9. An electroluminescent display device as claimed in claim 1, characterized in 
that the electroluminescent display device comprises at least four pixels having a different 

10 surface area, and drive unit means for applying a voltage in the reverse direction across the 
pixels, and means for defining the reverse current. 

10. An electroluminescent display device as claimed in claim 9, characterized in 
that the electroluminescent display device comprises a drive circuit for multiplexing at least 

15 two pixels. 
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